Traditionally, trehalose is considered as a protectant to improve the ethanol 24 tolerance of S. cerevisiae. In this study, to clarify the changes and roles of trehalose during the 25 bioethanol fermentation, trehalose content and expression of related genes at lag, exponential and 26 stationary phases (i.e., 2, 8, and 16 h of batch fermentation process) were respectively determined. 27
were much higher than those in parent strains. Moreover, after transferred into 10% ethanol YPAD 97 medium, SR4-3 increased the expression of these two genes once more (Ogawa et al. 2000) . TPS1 98 expression of the ale strains was also up-regulated when they were upshifted to 7.5% (v/v) ethanol 99 (Bleoanca et al. 2013 ). While, rarely researches which combined the yeast fermentation stages 100
with trehalose-related genes were published. A clear insight of trehalose metabolism during the 101 bioethanol fermentation process will contribute to a better understanding of such process and 102 facilitate construction of industrial ethanologenic strains with higher ethanol tolerance (Gibson etD r a f t 7 and stationary phase (i.e., 2 h, 8 h, and 16 h of the batch fermentation process, respectively) were 107 chosen to determine the trehalose content. Furthermore, expressions of genes involved in trehalose 108 metabolism at above three phases were analyzed by quantitative real-time polymerase chain 109 reaction (qRT-PCR), thereby contributing to a better understanding of the molecular mechanism 110 underlying the roles of trehalose and related genes during the batch bioethanol fermentation by S. 111
cerevisiae. 112

Materials and methods
113
Strains, media and culture conditions 114 S. cerevisiae S288c strain (ATCC number 204508) used in this study was precultured in YPD 115 broth (2% glucose, 1% yeast extract, 2% peptone) for 18 h and then inoculated into 116 high-sugar-YPD broth (20% glucose, 1% yeast extract, 2% peptone) both at 30°C and shaken at 117 150 rpm in 250 ml cotton-plugged flasks. Besides, the inoculum dose was adjusted to keep the 118 value of OD 600 of initial inoculated fermentation culture at 0.1. 119 D r a f t
FE20-FiveEasy™ pH (METTLER-TOLEDO, Switzerland). 130
Amount of ethanol of incubation during the bioethanol fermentation was measured using gas 131 chromatography (GC) analysis. 132
Glucose concentration during the bioethanol fermentation was measured using liquid 133 chromatography (LC) analysis. The determination of pH value and contents of ethanol and 134 glucose were all performed in triplicate. 135 selected trehalose metabolism related genes and β-actin (ACT1) were designed using Primer 156
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Premier 5 (www.PremierBiosoft.com) with manual editing, and listed in Table 1. For each  157 amplification reaction, a total of 20.1 µl was used consisting of 2 µl cDNA template, 10 µl real 158 SYBR mixture, 0.3 µl of forward and reverse primer (10 µM each), and 7.5 µl H 2 O. 159
Amplifications were performed after an initial denaturation at 95°C for 10 min followed by 40 160 cycles of PCR at 95°C for 15 s, at 60°C for 1 min. The melting curve of each PCR product was 161 determined to ensure the specific amplification of the target gene. The mRNA levels of the 162 selected genes were normalized to that of act1 gene in the same sample. The mean fold change in 163 abundance of transcripts was determined according to the method of Livak and Schmittgen (2001) . 164
The experiment was performed in triplicate. 165
Moreover, pearson correlation analysis was performed using SPSS13.0 software to determine 166 the connection between trehalsoe content and trehalose synthetic genes or degraded genes. 167 Table 1 
Differences of trehalose content of cells at different phases
180
Compared with that in the cells at lag phase, the trehalose content of cells at exponential 181 and stationary phases increased obviously (P<0.01) (Fig. 1) . However, no obvious 182 difference of trehalose content of cells was detected between exponential phase and 183 stationary phase (P>0.05) (Fig. 1) . 184 (Fig. 2D) . Moreover, the expression of TPS3 almost 194 did not change during the batch fermentation process (P>0.05) (Fig. 2C) . 195 (Fig. 3) . Moreover, the expression of 200 NTH1 and NTH2 was down-regulated at exponential phase in comparison to that at lag phase 201 (P<0.001) (Fig. 3B and C) . 202 To obtain a clear insight of variation and roles of trehalose during bioethanol batch 235 fermentation process, genes involved in trehalose metabolism were chosen to measure the levels 236 of expressions at different phases (Figs. 2, 3) . As the bioethanol fermentation progressed from lag 237 phase to exponential phase, trehalose content increased significantly (P<0.01) (Fig. 1) . phase in comparison to that in lag phase (P>0.05) (Fig. 2) . On the contrary, the down-regulation of 243 NTH1 and NTH2 (P<0.001) (Fig. 3B and C) (Fig. 4) or ATH1 (P>0.05) (Fig. 5A) , the negative correlation between trehalose content and 255 expression of NTH1 or NTH2 during lag phase-exponential phase transition (P=0.006, r=-0.935 256 for NTH1; P=0.001, r=-0.969 for NTH2) (Fig. 5B and C) Interestingly, the expression of trehalose degraded genes (i.e., ATH1, NTH1, and NTH2) 287 reached the maximal value at stationary phase and increased significantly than previous two 288 phases (P<0.05) (Fig. 3) . In spite of this, the trehalose content at stationary phase was still higher 289 than that at lag phase probably due to the up-regulation of TPS1. As batch fermentation without 290 exogenous feeding progressed to the stationary phase, the initial added nutrients including glucose 291 were gradually depleted (Fig. S1C) . Under such situation, lacking of energy and carbon source 292 might make the degradation of trehalose to supply carbon source and energy for keeping cell 293 survival necessary and induce the up-regulation of ATH1, NTH1, and NTH2 in despite of the 294 continuously decreased pH value. In fact, previous studies also illustrated that trehalose is actually Expression of NTH2 (fold change)
